In this study we present a phylogenetic analysis of Melastomeae, focusing on the Neotropical members of the tribe, a group of c. 70 species in 30 genera. In total, 236 species, including outgroups (Miconieae and Merianieae) and representatives of the Microlicieae and Rhexieae, were sequenced for the nuclear ribosomal internal transcribed spacer (nrITS), and the plastid spacers accD-psaI and psbK-psbL. Melastomeae are not resolved as monophyletic because a group of mostly herbs and small trees with mostly tetramerous flowers (Acanthella, Aciotis, Acisanthera, Appendicularia, Comolia, Ernestia, Fritzschia, Marcetia, Macairea, Nepsera, Sandemania and Siphanthera) is nested between Rhexieae and Microlicieae. The remaining New World Melastomeae are not resolved as monophyletic, because a group of Old World genera (Osbeckia, Melastoma, Tristemma and allied genera) are nested in the tribe. The large genus Tibouchina is not monophyletic because Brachyotum,
INTRODUCTION
Phylogenetic analyses published over the last 10 years have shown that traditional tribal delimitations (e.g. Triana, 1871; Cogniaux, 1891; Renner, 1993) in Melastomataceae are unnatural and in need of revision (Clausing & Renner, 2001; Michelangeli et al., 2004; Renner, 2004a; Amorim, Goldenberg & Michelangeli, 2009; Penneys et al., 2010; Penneys & Judd, 2011) . Most of these analyses also recovered a clade that groups the species with anthers with pedoconnectives and capsular fruits, corresponding to tribes Melastomeae, Microlicieae and Rhexiae.
However, generic and species sampling has been insufficient to fully assess the relationships among these tribes or to evaluate generic limits and relationships. This level of taxonomic confusion among Melastomeae, Rhexieae and Microlicieae is long-standing, as evidenced by the fact that every infrafamilial classification to date has differed on how these groups are related to each other and on the generic composition of each tribe (Candolle, 1828; Naudin, 1849 Naudin, -1853 Triana, 1871; Cogniaux, 1891; van Vliet, KoekNoorman & Ter Welle, 1981; Renner, 1993) . These differences have resulted from the relative importance that different authors have placed on calyx, stamen, ovary and seed morphology, biogeography and wood anatomy.
The lack of phylogenetic information for Melastomeae is unfortunate because, in Melastomataceae, a large amount of generic diversity (and therefore morphological diversity) is concentrated in the tribe. Melastomeae are pantropical, and include > 870 species in 47 genera. The tribe is characterized by having stamens provided with a pedoconnective (poorly developed or reduced in some genera), appendages when they are present only ventral and paired, and capsular fruits that contain cochleate seeds with curved embryos. In Melastomeae, the majority of species are in South America (c. 570 species in 30 genera) (Renner, 1993) , followed by Africa (c. 185 species) (Wickens, 1974; Jacques-Félix, 1994) . Madagascar, India, Indonesia and Malaysia each have c. 50 species (Perrier de la Bâthie, 1934 Bâthie, , 1951 Hansen, 1977; Hansen, 1992; Meyer, 2001; Renner et al., 2001a) and the group extends, with four species each, into northern Australia (Whiffin, 1990) and Japan.
The 570 New World species are distributed among 30 genera that vary widely in size. Tibouchina Aubl. is the largest genus with 240 species, six others have 20-60 species and eight genera are monotypic. To date, < 25% of the genera have been included in molecular analyses, and no genus has been represented by more than two species, thus making it impossible to evaluate the monophyly of currently recognized genera and phylogenetic relationships among them. The distribution patterns also make the New World Melastomeae a remarkable group. They range from Mexico, through the Antilles, south to Argentina, and from sea level to well above the tree line in the Andes and eastern Brazil. New World Melastomeae occupy a variety of forest and open vegetation types including lowland savannas, cerrados, campos rupestres, lowland and cloud forests, paramos and punas, and some species even grow in seasonally flooded habitats. In habit they vary from small annual herbs to medium-sized trees, although the majority of the species are shrubs or small trees. Such morphological and ecological diversity makes this group an ideal candidate in which to study morphological character evolution and a model system to track the establishment of different Neotropical vegetation types.
MATERIAL AND METHODS

TAXON SAMPLING
To study the phylogenetic relationships of taxa putatively assigned to Neotropical Melastomeae (sensu Renner, 1993) , ingroup sampling in this analysis comprises 219 terminals (217 species) from 42 genera. Of these, 191 terminals from 32 genera correspond to species found in the New World (25 genera out of 30 genera of Neotropical Melastomeae sensu Renner, 1993 , plus seven genera from Rhexieae or of uncertain placement) and 28 species from ten genera from Asia, Australia and Africa (including Madagascar). Additionally, we included ten species from four genera of Microlicieae. We also included two species of Cambessedesia DC., a capsular-fruited Neotropical genus previously considered to be a member of Microlicieae, but that has been shown to fall outside that tribe (Fritsch et al., 2004) . Seven species of Miconieae (including the Physeterostemon R.Goldenb. & Amorim + Eriocnema Naudin clade) and Merianieae were used as outgroups; following previous family-wide analyses (Clausing & Renner, 2001; Renner, 2004a; Amorim et al., 2009) . Trees were rooted at the node that unites the latter two tribes.
DNA EXTRACTION AND SEQUENCING
Total genomic DNA was isolated from silica-dried or herbarium material using the DNeasy plant mini kit from Qiagen and following the manufacturer's instructions. Some samples were isolated with modifications that have been shown to improve DNA quality and yield in Melastomataceae and/or with herbarium specimens, such as the addition of proteinase-K (30 mL per extraction to the lysis buffer) and/or b-mercaptoethanol (30 mL per extraction to the lysis buffer), with longer incubation periods at lower temperatures (6-24 h at 42°C) (Martin et al., 2008; . In order to assess the phylogenetic relationships of Melastomeae, we sequenced one nuclear locus [the nuclear ribosomal internal transcribed spacer (nrITS) region] and two plastid spacers (accD-psaI and psbK-psbL) . ITS has been used to elucidate phylogenetic relationships at the tribal and generic level in Melastomataceae (Michelangeli et al., 2004 Ionta et al., 2007; Goldenberg et al., 2008) and we used the protocols outlined in those publications. The psbK-psbL spacer was amplified using primers designed by Kim-Joong Kim (Korea University, South Korea) and published by Reginato, Michelangeli & Goldenberg (2010) , and the accD-psaI spacer was amplified using primers designed by Shaw et al. (2005) . Protocols for amplifying the plastid markers were detailed in Reginato et al. (2010) . Cycle sequencing was performed with the same forward and reverse primers used for amplification at the high-throughput sequencing service at the University of Washington (USA). Contigs were assembled with Sequencher 4.9 (GeneCodes Corp., Ann Arbor, MI, USA). Sequence alignment was performed with Clustal X (Thompson et al., 1997) and manually adjusted in BioEdit (Hall, 2007) .
PYLOGENETIC ANALYSES
The separate nuclear and plastid data sets and the combined matrix were analysed using parsimony and maximum likelihood. The resulting topologies from the individual analyses were inspected by eye to discount the possibility of hard incongruence across data sets (i.e. support > 70% for placement of a taxon in different clades or for relationships among major clades identified in Fig. 1 ).
Parsimony analyses were performed in Tree analysis using New Technology (TNT) (Goloboff, Farris & Nixon, 2008) after the indels were coded following the 'simple gap coding' procedure of Simmons & Ochoterena (2000) as implemented in 2xRead (Little, 2006) . Tree searches were performed with 1000 random (Nixon, 1999 (Nixon, -2002 . To ensure that the entire tree space had been searched, we also conducted a search using the parsimony ratchet (Nixon, 1999) as implemented in WinClada (Nixon, 1999 (Nixon, -2002 and spawned to NONA (Goloboff, 1993) . Three sequential runs were performed, each of them with 300 iterations, holding five trees per iteration and sampling 10% of the characters. The resulting most-parsimonious trees obtained were then swapped to completion. Maximum likelihood analyses and bootstrap were performed with RAxML using default parameters (Stamatakis, 2006; Stamatakis, Hoover & Rougemont, 2008) , run through the Cypress Science Gateway (http://www.phylo.org/; Miller, Pfeiffer & Schwartz, 2010) . Morphological characters discussed in the text were taken from a data set developed for a forthcoming detailed study of Tibouchina and allies (P. J. F. Guimaraes & F. A. Michelangeli, unpubl. data) . Table 1 summarizes the number of taxa and the length and level of variation for the three loci included in this study. The Appendix contains all the voucher and GenBank accession information for the taxa included in this study. No strong topological incongruence was found for major clades when comparing the nuclear and plastid data. Parsimony analyses resulted in > 100 000 trees (CI = 0.37, RI = 0.79). Fifty-one nodes collapsed in the strict consensus (not shown). Melastomeae s.l. (Renner, 1993) are not monophyletic in either the parsimony or maximum likelihood analyses (Fig. 1) (Renner, 1993) , are not resolved as monophyletic, because Rhexia, tribe Microlicieae and Palaeotropical Melastomeae are nested in it. Although these results are incongruent with the traditional tribal classification of the family (Triana, 1871; Cogniaux, 1891) and more recent realignments (van Vliet et al., 1981; Renner, 1993) , four major clades that have been identified in previous molecular phylogenetic studies (Clausing & Renner, 2001; Renner, 2004a, b) are also recovered here, with a significantly increased sampling, i.e. Marcetia and allies, an expanded Rhexieae, Microlicieae and core Melastomeae. These four major clades are united by the presence of anthers with well-developed pedoconnectives (although these have been lost a number of times; see below) as previously shown in other molecular systematic studies (Clausing & Renner, 2001; Renner & Meyer, 2001; Renner, 2004a) . Additionally, all of these groups except Microlicieae have cochleate seeds (with further modifications in some genera; see below).
RESULTS
MICROLICIEAE
Results of this study are in agreement with Fritsch et al. (2004) regarding a reduced generic composition of Microlicieae, including only Chaetostoma, Lavoisiera, Microlicia, Rhynchanthera, Stenodon and Trembleya ( Fig. 2A, clade A) . Likewise, the former study removed Cambessedesia, Eriocnema, Siphanthera and Castratella from their 'core Microlicieae.' Microlicieae are supported by reniform, ellipsoid or elongate seeds with a foveolate or reticulate testa (Almeda & Martins, 2001; Fritsch et al., 2004) and the absence of a staminal dorsal vascular bundle (Wilson, 1950 ; P. J. F. Guimaraes, K. Sosa, R. Kriebel & F. A. Michelangeli, unpublished data) . Most species also have rostrate anthers with a ventrally oriented terminal pore, but rostrate anthers are also present in some Acisanthera, Siphanthera and Tibouchina. Additionally, if ventral connective appendages are present in the stamens, these are always vascularized, a trait otherwise only found in Arthrostemma (Wilson, 1950) . This character probably evolved in the ancestor of Rhexieae + Microlicieae and was later lost in Pachyloma and Rhexia, which have reduced ventral staminal appendages. In most genera, the anthers are also unique in having long pedoconnectives with short thecae, a character combination not seen in other groups with pedoconnectives. Chaetostoma, however, has some species with long anthers and a greatly reduced pedoconnective (Koschnitzke & Martins, 1999 Fritsch et al., 2004) . Polysporangiate anthers have been reported in some species of Microlicia and Chaetostoma (Baumgratz et al., 1996; Almeda & Martins, 2001) , and may be a synapomorphy for these two genera. For details on the systematics and biogeography of Microlicieae see Fritsch et al. (2004) .
RHEXIEAE
Rhexia, Arthrostemma and Pachyloma form a clade distinct from core Melastomeae ( Fig. 2A, clade B) . These genera of herbs and shrubs have tetramerous flowers and cochleate, costate seeds that are tuberculate or rugose. Unlike core Melastomeae, in which the tuberculae are composed of a single cell, in these genera the tuberculae are composed of several cells (Whiffin & Tomb, 1972; Renner & Meyer, 2001) . In all three genera, the ovaries lack apical projections. Anthers in this clade are widely variable, but in all genera (but not all species) the anthers have dorsal connective appendages. In Pachyloma the anthers have a long dorsal appendage and two ventral appendages that are not vascularized, whereas Arthrostemma has two vascularized ventral appendages and a short or absent dorsal appendage (Gleason, 1929; Wilson, 1950) . Both of these genera have well-developed pedoconnectives. In contrast, Rhexia lacks pedoconnectives and either has short dorsal appendages or lacks them altogether (Wilson, 1950; Kral & Bostick, 1969; Ionta et al., 2007) . Additionally, Rhexia can be distinguished by its constricted hypanthia (in Neotropical capsular-fruited generea, otherwise restricted to the small genus Poteranthera Bong.), ovary locules opposite the petals (they are alternating in most Melastomataceae where the number of petals is the same as the number of ovary locules) and unilocular anthers (Ionta et al., 2007) . In spite of the differences in anther morphology, Gleason (1929) Fig. 2A , clade C; Acanthella, Aciotis (Fig. 3A) , Acisanthera, Appendicularia, Comolia, Ernestia, Fritzschia, Marcetia (Fig. 3B) , Macairea, Nepsera (Fig. 3C ), Sandemania and Siphanthera], were traditionally placed in Melastomeae based on anther and fruit morphology. Most of the species in this group are herbs or small shrubs, and the annual habit, although rare in the family, has appeared repeatedly in this group (Freire-Fierro, 2002; Almeda & Robinson, 2011; Kriebel, 2012) . Additionally, some species of Macairea 
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are trees up to 12 m tall (Renner, 1989) . This clade is further characterized by tetramerous flowers (Fig. 3A-C) (although pentamerous flowers are present in Acisanthera and Ernestia cordifolia O.Berg ex Triana) and ovaries that are either glabrous or with glandular trichomes at the apex, but that lack appendages (see below). In Marcetia, Aciotis, Fritzschia, Siphanthera and Nepsera, the pedoconnectives are small or lacking and connective appendages are absent (Fig. 3A-C) . All genera sampled in this clade have seeds that are cochleate, ovate or lacrimiform. With the exception of Siphanthera, all these genera also have seeds with foveolate testas (Whiffin & Tomb, 1972) . In some cases, these features can be obscured by the presence of tubercles or secondary sculpturing, but the foveolate nature is evident at least near the raphe. All of these genera were classified by Whiffin & Tomb (1972) as having a microlicioid seed type, not the typical tibouchinoid type of other Melastomeae. The number of ovary locules can be equal to the number of petals (usually four), but several taxa have a reduced number of locules, a condition also common in Microlicieae, but not common in Palaeotropical Melastomeae or the Tibouchina and allies group. Lastly, all of these species, except Acanthella sprucei Hook.f and Acisanthera hedyotoidea (C.Presl) Triana, have a deletion of 381 bp in the psbK-psbL spacer. Generic limits in some elements of the Marcetia alliance have been notoriously difficult, especially between Comolia and Ernestia. Sampling in this investigation is insufficient to resolve the problematic generic circumscriptions in this clade, but results suggest ( Fig. 2A) that Macairea and Marcetia are monophyletic. Almeda & Robinson (2011) demonstrated the monophyly of Siphanthera using morphological data; Almeda & Martins (2001) had previously removed it from Microlicieae on the basis of seed morphology, and that result is confirmed here. Aciotis might be rendered monophyletic with some small adjustments. Poteranthera and Mallophyton were not sampled in this study, but, based on the presence of tetramerous flowers, ovary apex without a corona or hairs and seed morphology, they are likely to belong to the Marcetia alliance (Wurdack, 1964; Kriebel, 2012) . Loricalepis Brade, a monotypic genus of small shrubs with tetramerous flowers and white petals from northern Brazil (Brade, 1958) , may also be in this clade.
CORE MELASTOMEAE
The largest group in number of genera and species is what we have designated core Melastomeae (Fig. 2B , clades D-J). Putative morphological synapomorphies for this pantropical clade include cochleate seeds with tubercles or papillae composed of a single cell (tibouchinoid seeds sensu Whiffin & Tomb, 1972) , a crown of hairs or appendages on the ovary apex (Fig. 3P ) and the presence of staminal pedoconnectives with bifurcated dorsal vascular bundles (Wilson, 1950 ; P. J. F. Guimaraes, K. Sosa, R. Kriebel & F. A. Michelangeli, unpubl. data) .
Pterogastra and Pterolepis form a strongly supported clade sharing several plesiomorphic characters, but there are no clear synapomorphies for this group ( Fig. 2A, clade D) . Both genera have tetra-and pentamerous species, herbaceous to suffruticose habit, dimorphic stamens with developed pedoconnectives and short, bilobed ventral appendages ( Fig. 3D-E) (Renner, 1994a, b) . They also have emergences or trichomes in the calyx sinuses, but these differ between them. In Pterolepis the intercalycine emergences are stellate-penicillate (Fig. 3E ), whereas they are slender and simple in Pterogastra. Intercalycine emergences are also present in some Chaetolepis, Tibouchina and Palaeotropical Melastomeae (see below). Pterogastra has prominently ribbed or winged hypanthia, but this homoplasious character is also present in Schwackaea Cogn. and Pilocosta Ameda & Whiffin (see below) (Renner, 1994b) . Unlike Pterogastra, the latter two genera have the same number of wings as sepals (instead of double). In Schwackaea the hypanthium is terete and in Pilocosta it is quadrangular. Although the hypanthia in Pterolepis are not winged, they can be slightly angular, especially in fruit. Some Palaeotropical Melastomeae also have intercalycine emergences, and these are similar to those found in Pterolepis. However, this character cannot be used as diagnostic of the Palaeotropical clade, because it is absent in some genera (i.e. Guyonia, Dichaetanthera and Tristemma). Additionally, some Palaeotropical Melastomeae have persistent fleshy placentas, and some species even have berries (mostly in Melastoma) (Clausing, Meyer & Renner, 2000; Clausing & Renner, 2001 ).
Although Tibouchina is not resolved as monophyletic, the groups in this large clade (Fig. 2B , clades F-J) are each well characterized by stamen and hypanthium morphology, and biogeography (see below). This large assemblage of Neotropical genera is well supported by molecular analyses, but morphological synapomorphies are not readily evident. Desmoscelis (Fig. 3F) , the first diverging group of Tibouchina and allies, is a genus of two species from lowland savannas. It is characterized by its erect, herbaceous habit, pentamerous flowers, long simple (eglandular or glandular) trichomes and dimorphic anthers with long, paired ventral connective appendages. The larger anthers are slender and subulate, whereas the smaller ones are short, truncate and with a broad pore. These characters are plesiomorphic in core Melastomeae or autapomorphic for Desmoscelis.
The species of Tibouchina sections Tibouchina and Barbigerae (Fig. 2B, clade F) have pink to purple anthers without glandular trichomes (Fig. 3G) . In section Barbigerae the union between the filament and the connective has simple, long trichomes. The hypanthium in section Tibouchina has tufts of simple hairs in the calyx sinuses, but whether or not these structures are homologous to the intercalycine emergences of Pterolepis and Palaeotropical Melastomeae is hard to assess without a detailed study of these structures and better resolution in that section of the estimated phylogeny.
Heterocentron, Pilocosta and Centradenia (Fig. 2B , clade G) are herbs or small shrubs (sprawling in the case of Pilocosta and a few species of Heterocentron) with tetramerous flowers and tetralocular ovaries (Fig. 3 K-L) . Species in this clade have stamens that are almost always dimorphic with well-developed pedoconnectives and ventral appendages that are usually bilobed in the larger series (Whiffin, 1972; Almeda, 1977 Almeda, , 1993 Almeda & Whiffin, 1980) . Each of these genera are resolved as monophyletic (Fig. 2B , clade G), and characters of hypanthium shape and leaf and anther morphology support the recognition of each of them as separate. Tibouchina breedlovei Wurdack, a rarely collected species from southern Mexico, is also placed in this clade. This species also has tetramerous flowers and anthers that closely resemble those of Heterocentron. In the original description, Wurdack (1967) suggested that T. breedlovei could be placed near or in Heterocentron. Most Heterocentron spp. have penninerved venation (Whiffin, 1972) , a character otherwise rare in the family, and all species of Centradenia have asymmetrical leaves, also rare in the family (Almeda, 1977) . Schwackaea, a monotypic genus ranging from Mexico to north-western Colombia, shares all these features (Renner, 1994b) , and recent DNA data confirm this placement (D. S. Penneys, F. Almeda, P. W. Fritsch & F. A. Michelangeli, unpubl. data) .
The group formed by Monochaetum, Chaetolepis, Castratella and Bucquetia (Fig. 2H) , like the Heterocentron group, share tetramerous flowers with tetralocular ovaries. Chaetolepis, Castratella and Bucquetia have isomorphic, linear anthers without pedoconnectives or well-developed appendages (Fig. 3H-J) . Monochaetum, however, has well-developed dorsal appendages, at least in the largest set of stamens (Fig 3I) . Some Monochaetum spp. have one whorl of stamens reduced to staminodia, or even lack them, and the species in the genus exhibit a high degree of variation in the size of the pedoconnective. In most Melastomataceae with stamen dimorphism, the larger series of stamens is usually opposite the calyx, with the reduced series opposite the petals, but in Monochaetum this situation is reversed (Almeda, 1978) . Bucquetia and Castratella had been placed in Microlicieae (Cogniaux, 1891), but seed morphology clearly excluded them from this group (Whiffin & Tomb, 1972; Fritsch et al., 2004) .
Brachyotum is characterized by pendant flowers with copious nectar, in which the dark purple or yellow to greenish petals are pseudocampanulate (Fig. 3 M) . The pedoconnective is highly reduced in this group, and the entire genus is pollinated by birds, mostly hummingbirds (Wurdack, 1953; Vogel, 1958; Stiles, Ayala & Giron, 1992) , although bat pollination may also be possible. At least one Tibouchina sp. in this clade [T. grossa (L.f.) Cogn.] also produces nectar, and it is visited by bats (Vogel, 1958 (Vogel, , 1997 and hummingbirds (K. Schumman, pers. comm. cited in von Helversen & Winter, 2003) . However T. grossa lacks pendant flowers with closed petals that have traditionally defined Brachyotum, and has a base chromosome number of x = 10 instead of x = 9 (Solt & Wurdack, 1980) . Brachyotum is nested among representatives of Tibouchina that generally have yellow or white anthers, and many of them also have reduced pedoconnectives (Fig. 3N-Q) . In this Brachyotum clade, those species with tetramerous flowers (Tibouchina section Pseudopterolepis) are resolved as a unit, as are the species with lepidote scales on the hypanthium, free bracteoles and glabrous stamens (Tibouchina section Lepidotae; Fig. 3Q ) (Todzia & Almeda, 1991) . This clade also contains the majority of the species of Tibouchina section Diotanthera, characterized by attenuate anthers and persistent calyx lobes (Fig. 3P) (Cogniaux, 1891; Todzia, 1999) . Several species in section Diotanthera also have bicoloured petals (Fig. 3N) . Based on anther and calyx morphology, we expect several Mexican and Central
NEW WORLD MELASTOMEAE (MELASTOMATACEAE) 47
American species that were not sampled in this study (Todzia, 1999) to fall within this clade.
The Pleroma group (Fig. 2B , clade J) is characterized by species with a calyx that is caducous in fruit (Fig. 3S) (Guimaraes & Martins, 1997) . Most species in this group have well-developed pedoconnectives, purple, pink or white anthers, and if the anther connectives have trichomes these are glandular (Fig. 3R) (Cogniaux, 1891; Guimaraes & Martins, 1997) . Most species are pentamerous, but some Tibouchina with small flowers are tetramerous. The Pleroma clade also includes four genera that have been maintained separate from Tibouchina (Itatiaia, Microlepis, Svitramia and Tibouchinopsis); these genera have persistent calyces (Triana, 1871; Ule, 1908; Brade & Markgraf, 1961; Romero & Martins, 2003) , a character difference that may be responsible for all of these groups not being recognized as part of Tibouchina. Additionally, Svitramia has reduced anthers that lack pedoconnectives and have highly reduced or absent ventral appendages (Romero & Martins, 2003) .
TRIBAL AND GENERIC TAXONOMY
This study contains more than 14 times the number of species of Melastomeae and three times the number of genera included in any previous published molecular study of Melastomataceae. Many of the generic groupings shown here are consistent with those studies, but, as a result of increased generic and specific sampling, a clearer picture of the evolution of the capsular taxa with pedoconnectives in Melastomataceae is starting to emerge, with some new groups clearly identified (i.e. Marcetia and allies, the affinities of Monochaetum with other high Andean taxa, the composition of Rhexieae, etc.). Additionally, this study represents the first insight into the relationships in the large and complex genus Tibouchina and between Tibouchina and other Neotropical Melastomeae. However, the level of sampling of some groups (particularly Ernestia, Comolia and Central American and Mexican representatives of Tibouchina) and the level of resolution and support along the spine of the tree stills makes it premature to propose any overhaul of the taxonomy. For example, whether Marcetia and allies, or the Pterogastra clade, deserve tribal recognition will depend on the final resolution of the relationships between this latter group and Palaeotropical Melastomeae, or the relationships between the Rhexieae and Marcetia clades. Similarly, Tibouchina could be recognized as a much expanded genus (but, as noted above, there are no clear morphological synapomorphies for this clade) or all the other genera maintained and Tibouchina divided into smaller and diagnosable units. The Tibouchina and allies clade is already the subject of a more detailed study that includes additional species, markers and a morphological matrix (P. J. F. Guimaraes, K. Sosa, R. Kriebel & F. A. Michelangeli, unpubl. data) , and these open questions will be addressed in forthcoming publications.
The fact that many groupings at the generic or sectional level are recovered here as monophyletic, or nearly so, is evidence that characters traditionally used in Melastomeae taxonomy, such as androecium morphology, merosity, seed morphology, calyx persistence and hypanthium indument (Naudin, 1849 (Naudin, -1853 Triana, 1871; Cogniaux, 1885 Cogniaux, , 1891 Whiffin & Tomb, 1972; Wurdack, 1986) , are good predictors of phylogenetic relationships. The presence/absence of a corona on the ovary apex (core Melastomeae vs. Microliceae + Rhexieae + Marcetia alliance), and the difference between ventral staminal appendages with or without vascular bundles (Microlicieae + Arthrostemma vs. Marcetia alliance and core Melastomeae) have not traditionally been used for taxonomic purposes and are shown here as a taxonomically important characters. Tibouchina, as currently defined, is not resolved as a monophyletic group, mostly because it is defined by characters that are plesiomorphic in core Melastomeae: pentamerous flowers with anthers with developed pedoconnectives and shortly bilobed ventral anther appendages.
HABITAT AND DISTRIBUTION
As shown for other groups of Melastomataceae (Fritsch et al., 2004; Renner, 2004a; Penneys & Judd, 2005; , even if the generic or tribal classification does not closely match phylogenetic results, there is a close correspondence between most clades recovered and the geographical distribution or type of environment in which the plants live (Fig. 2) .
Although a minority of outlying taxa are native to areas north of South America, most species of the Marcetia and allies clade are distributed in central and north-eastern South America. Most are found in open habitats, in either successional or ruderal environments, savannas, campo rupestres and the Guayana highlands. Some, mostly widespread, species reach the Antilles and the Andes.
Microlicieae are almost exclusively found in eastern and central Brazil in campos rupestres. A few Rhynchanthera spp. are found farther to the north and south-west and in wetter environments, and one Microlicia sp. is found in the Guayana Highlands. The geographical distribution of this group has already been examined in detail by Fritsch et al. (2004) and Simon et al. (2009) .
The Rhexia clade as a whole deviates from this pattern of geographical integrity, but each genus is geographically restricted. Pachyloma, a genus of four species, is restricted to north-western Amazonia, whereas Arthrostemma, also with four species, is found along the Andes, from Bolivia to Venezuela and northen Brazil, and in Central America, Mexico and the Antilles. This widespread distribution of Arthrostemma is attributable only to one species, A. ciliatum Pav. ex D.Don, which is a tetraploid (N = 30), probably derived from A. primaevum Almeda, a diploid species (N = 15) restricted to southern Mexico (Almeda & Chuang, 1992; Almeda, 1994) . Rhexia is the only genus of Melastomataceae found in subtropical and temperate North America, with most species being distributed from Texas to Nova Scotia. One widespread species is also found in Cuba, Hispaniola and Puerto Rico (Kral & Bostick, 1969; Liogier, 2000; Ionta et al., 2007) . Even although these species are found in three different regions, all three genera are found in poorly drained, usually acidic soils. Fossil seeds from the early to mid-Miocene that have been collected throughout Eurasia (Dorofeev, 1960 (Dorofeev, , 1963 (Dorofeev, , 1988 Collinson & Pingen, 1992; Dyjor et al., 1992; Mai, 2000) closely match those of this clade with a cochleate shape and multicellular tubercles (Renner, Clausing & Meyer, 2001b; Renner & Meyer, 2001) . This is especially relevant considering that these fossils have been used as calibration points in molecular dating and biogeographical studies (Renner et al., 2001b; Renner & Meyer, 2001; Morley & Dick, 2003; Fritsch et al., 2004; Renner, 2004a, b) , and the fossil is found well outside the modern distribution of these three extant genera.
Pterolepis (with 14 species) and Pterogastra (with two species) grow almost exclusively in different types of grasslands in the Neotropics. Most species of Pterolepis are endemic to cerrado vegetation in central and eastern Brazil, with one widespread species reaching into the Caribbean and a second into Central America and Southern Mexico (Renner, 1994a) . One Pterogastra sp. is only found in savannas in south-west Venezuela and Colombia, and a second is widespread on the eastern slopes of the Andes from sea level to 2600 m (Renner, 1994b) .
The Palaeotropical Melastomeae clade includes species of open and forested areas. Sampling in this group is far from adequate to answer biogeographical questions with a high level of certainty, but, based on morphology, it is almost certain that all Palaeotropical Melastomeae do indeed fall into this group. This preliminary sampling shows that Madagascan and Asian lineages are derived from within Africa, and not from the Neotropics.
In the group formed by Tibouchina and allied genera, Desmoscelis and Tibouchina sections Tibouchina and Barbigerae are also found in open habitats in the savannas and the lower portion of the Andean slopes of South America. Heterocentron, Centradenia and Pilocosta are mostly found on the edges of mid-elevation and cloud forest from north-western Colombia to Mexico (with one Pilocosta sp. extending into Ecuador), constituting a predominantly Mexican/ Central American clade. The other group with tetramerous species, Monochaetum and allies, is mostly distributed at high elevation in paramos and cloud forests. Castratella and Bucquetia are restricted to paramos in western Venezuela and eastern Colombia. Chaetolepis is mostly found in South American paramos, with one species endemic to the highest elevations in Costa Rica and one species in the Guayana highlands. Chaetolepis gentianoides (Naudin) Jacq.-Fél., a species restricted to the sandstone highlands of western Africa, renders Chaetolepis the only genus in Melastomatoideae disjunct between the Neotropics and Paleotropics. Unfortunately, material of this species was not available for sequencing during the course of this study. A morphological cladistic analysis (Grimm, 2009) found that this species grouped with New World Chaetolepis, but most of the anther morphology in this group is highly reduced, and, because of the presence of intercalycine projections at the apex of the hypanthium, a placement in the Old World Melastomeae cannot be discounted. Monochaetum is the most species-rich genus in the clade with c. 30 species distributed in South America and 20 in Mexico and Central America. Most Central American species are found in cloud forests in Costa Rica and Panama, and a second, smaller group in the mountains of southern Mexico. Most South American species are found in the paramos and cloud forests of Venezuela and Colombia, with a few species extending as far south as central Peru and one widespread species in the Guayana Highlands (Almeda, 1978 (Almeda, , 2009 Alvear, 2010) .
All Brachyotum spp. are found at high elevations in the Andes from Colombia to Argentina (but not in Chile), either in paramo or puna vegetation, or in the surrounding cloud forests (Wurdack, 1953) . The majority of the members of Tibouchina in this clade (Tibouchina sections Diotanthera and Lepidotae) are also found at high elevations in the Andes and mountains of southern Central America. A small group of species in this clade [see clade with T. clinopodifolia (DC.) Cogn.] is found in the forests of the Mata Atlantica, which may provide evidence of a dispersal event from the Andes to Eastern Brazil. This connection between the Andes and high elevation floras in eastern Brazil has been reported for other plant groups (e.g. Berry et al., 2004; Perret, Chautems & Spichiger, 2006; Struwe et al., 2009; Vasco, 2011) . A connection through favourable habitats in southern Brazil during cool periods, rather than long distance dispersal, seems to be the most likely explanation for NEW WORLD MELASTOMEAE (MELASTOMATACEAE) 49 this pattern (Safford, 2007) . The distribution pattern of species in the T. clinopodifolia clade would also favour this hypothesis. One species, T. longifolia (Vahl) Baill., is widespread from Mexico and the Antilles to Bolivia, and a close relative T. geitneriana (Schltdl) Cogn. is also widely distributed, but usually found at slightly higher elevations.
Tibouchina sections Pleroma, Diplostegia, Involucrales and the remainder of sections Diotanthera and Purpurella, along with the genera Itatiaia, Microlepis, Svitramia and Tibouchinopsis are all found in eastern Brazil, mostly in Mata Atlantica vegetation, but some also grow on the exposed summits of rocky outcrops and campos rupestres, cerrados and coastal vegetation.
NICHE CONSERVATISM AND HABITAT SHIFTS
The strong geographical structuring found in the pedoconnective clade of Melastomataceae can be attributed to phylogenetic niche conservatism (Harvey & Pagel, 1991; Wiens, 2004; Donoghue, 2008) , coupled with limited colonization of new environments and/or dispersal and with in situ speciation (Pennington, Richardson & Lavin, 2006; Pennington, Lavin & Oliveira, 2009; Schrire et al., 2009; Pennington et al., 2010) . Not only are many groups restricted to the same geographical area, but the vast majority of the species are found in open habitats, regardless of soil, temperature or elevation. Thus, even in cases of habitat shift or colonization of new environments (e.g. with the uplift of the Andes or the appearance of the cerrado and Mata Atlantica biomes), this has occurred through habitats that share some characteristics that have allowed the incoming group to be successful. These types of habitat shifts to similar, but not identical environments have been shown to occur at higher phylogenetic levels and broader biome types for several plant groups (see review by Crisp et al., 2009, and references therein) .
Phylogenetic niche conservatism has also been invoked to explain the presence of closely related groups in disjunct areas with similar environmental conditions (Donoghue, 2008) . Several plant groups in the high Andes seem to follow this pattern, but in many cases they have originated in temperate environments outside South America (von Hagen & Kadereit, 2001 Bell & Donoghue, 2005; Hughes & Eastwood, 2006; Fritsch et al., 2008) . A lowland, tropical origin for Andean groups, as shown here for some members of the pedoconnective clade of Melastomataceae, can also be inferred in tribe Miconieae , and recently has been shown for other groups of angiosperms (Antonelli et al., 2009; Jabaily & Sytsma, 2011; Luebert, Hilger & Weigend, 2011; Simon et al., 2011) . In the pedoconnective clade, this situation is seen in Monochaetum (found at high elevations in the northern Andes and mountains of Central America), Chaetolepis (paramos or northern South America, mountains in Costa Rica and summits of tepuis in the Guayana shield), and representatives of Tibouchina from the southern Andes and high elevations of the Mata Atlantica (see Fig. 2b clades Iiv and Iv).
When viewed as a whole, the pedoconnective clade is found in a wide variety of environments from sea level to 4000 m, in both tropical and subtropical climates (with some species of Rhexia and Melastoma extending through temperate climates). This distribution of taxa across such different environments may at first contradict our claim of phylogenetic niche conservatism in the group. However, it is important to note that habitat distribution is phylogenetically clustered, and the widespread distribution of our study group is only attributable to the broad phylogenetic scope of the study. Moreover, if we look at any two taxa in the same or closely related clades and with extremely different habitats (e.g. lowland savannas vs. mid-elevation cloud forests of Mata Atlantica in clade J), we can see how other closely related taxa of the second group are found in intermediate environments (i.e . open habitats at high elevations). Thus, the widespread Neotropical distribution of the pedoconnective clade could have been accomplished through successive colonization of neighbouring or similar environments (as described by Crisp et al., 2009 ) and by 'niche crawling' from one environment to another, and the ultimate result would be a broad distribution. Unfortunately, the current level of phylogenetic resolution between clades F-J, and, in some of these clades, is insufficient to test this hypothesis. A more resolved phylogenetic tree will also help address questions about multiple colonizations of Central America (clades G and Ii and some members of clade H), the Andes (clades H and Iv) or the cerrado biome (Microlicieae and some members of clades C, D and J).
In summary, the pedoconnective clade of Melastomataceae appears to have radiated and speciated mostly through open habitats, with wind dispersal of seeds produced in capsular fruits playing an important role. Competition for pollinators (mostly bees), and pollen economy (through heteranthery), may have driven the evolution and diversification of stamen morphology in this group (Gross, 1993; Larson & Barrett, 1999; Luo & Zhang, 2005; VallejoMarin et al., 2010) , These hypotheses were already advanced by Renner & Meyer (2001) and would be in agreement with the predictions of the niche conservatism hypothesis and colonization of similar or adjacent environments and are supported here with increased taxon and character sampling.
